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Method And Voltage Converter For Converting DC Input Voltage 
To AC Voltage In A System Frequency Range 

[001] This is a Continuation of International Application PCT/EP02/03801, with an 
international filing date of April 5, 2002, which was published under PCT Article 21(2) in 
German, and the disclosure of which is incorporated into this application by reference. 

FIELD OF AND BACKGROUND OF THE INVENTION 

[002] The invention relates to a method for generating an AC voltage in a system 
frequency range from a DC input voltage in which the DC input voltage, pulse-width 
modulated, is connected to the primary winding of a transformer at a higher switching 
frequency than the system frequency. 

[003] The invention also relates to a voltage converter for converting a DC input voltage to 
an AC output voltage in the system frequency range using a transformer. Selectively 
connected to a primary winding of the transformer is the DC input voltage, pulse-width 
modulated via a switching device which is driven by a drive circuit at a higher switching 
frequency than the system frequency. 

[004] In order to generate an AC voltage in the system frequency range, for example 117 
V/60 Hz or 230 V/50 Hz, from a DC input voltage of, for example, 12 or 24 V, two stages are 
usually carried out according to the prior art, for example as explained below: 

[005] In a first stage, an intermediate circuit voltage of 310 V is generated by means of a 
step-up converter from the low DC input voltage of 12 V. A flyback converter or forward 
converter is used for this purpose, using pulse-width modulation in a frequency range above 
the audible range, for example 20 kHz or more. The intermediate circuit voltage is regulated 
to ensure that it is constant. This high DC voltage is then converted by means of a full bridge 



rectifier to obtain the desired AC voltage, pulse-width modulation again being used at a 
switching frequency of 20 kHz or more. The envelope of the stepped voltage obtained here 
forms the system frequency output voltage. It is clear to those skilled in the art that this two- 
stage method necessarily leads to greater losses and decreased efficiency. Inductors are 
required in both converter stages, a transformer being required in at least one stage in order to 
provide the DC isolation that is usually required between the input and the output. These 
inductors and the required intermediate circuit capacitor are disadvantageous in terms of 
costs. 

[006] If the DC input voltage of, for example, 12 V is converted directly to a 50 Hz voltage 
then this requires an expensive 50 Hz transformer to achieve the desired 117/230 V on the 
output side. 

OBJECTS OF THE INVENTION 

[007] One object of the invention is to provide a method and a voltage converter with 
which the overall complexity is reduced and with which no transformers operable at the 
system frequency are required. 

SUMMARY OF THE INVENTION 

[008] This object is achieved with a method of the type mentioned initially in which, 
according to the invention, two pulse-width modulated square-wave pulse trains of opposite 
polarity are applied to the primary winding. Each pulse train is modulated so as to 
correspond to one half -cycle of the AC voltage to be generated. The pulses of the pulse train 
in each case are shifted with respect to pulses of the other pulse train such that the pulses of 
one pulse train fall into the gaps in the other pulse train. The pulses of the two pulse trains 
are rectified on the secondary side of the transformer such that only one pulse train of pulses 
of one polarity is still present- Owing to their pulse-width modulation, these pulses 



correspond to successive half-cycles of the AC voltage to be generated. The polarity of the 
pulse train obtained after rectification is reversed periodically at double the frequency of the 
AC voltage to be generated such that a pulse train is obtained which is a pulse-width 
modulated representation of the AC output voltage with respect to amplitude, frequency and 
polarity. 

[009] The invention dispenses with a complex high-voltage intermediate circuit having an 
expensive intermediate circuit capacitor. Since the switch-over is carried out on the 
secondary side in the system frequency range, the required switching elements are 
dimensioned with respect to these low frequencies. 

[010] In some cases it may be necessary or expedient to subject the pulse train obtained to 
low-pass filtering in order to obtain the AC output voltage (e.g., a sinusoid). 

[Oil] In a preferred embodiment of the invention, the primary winding of the transformer 
is split into two halves. The DC input voltage is connected (in a corresponding manner to the 
pulse-width modulated square-wave pulse trains of opposite polarity) in each case to one 
winding half or to the other, with reverse polarity. It is therefore sufficient, in practice, to 
have two controlled switches on the primary side. 

[012] This object is also achieved using a voltage converter of the type mentioned initially 
in which, according to the invention, the switching device and the drive circuit are designed 
to apply two pulse-width modulated square-wave pulse trains of opposite polarity from the 
DC input voltage to the primary winding. Each pulse train is modulated so as to correspond 
to one half-cycle of the AC voltage to be generated, and the two pulse trains are shifted with 
respect to one another such that the pulses of one pulse train fall into the gaps in the other 
pulse train. A rectifier is connected downstream of the secondary winding of the transformer, 
at whose output only one pulse train of pulses of one polarity is still present. Owing to their 
pulse-width modulation, these pulses correspond to successive half-cycles of the AC voltage 
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to be generated. A controlled polarity reversal switch is arranged downstream of the rectifier 
in order to reverse the polarity of the pulse train downstream of the rectifier at twice the 
frequency of the AC voltage to be generated, such that a pulse train is obtained which is a 
pulse-width modulated representation of the AC output voltage with respect to amplitude, 
frequency and polarity, 

[013] The advantages which can be achieved using this voltage converter have already 
been explained in conjunction with the method. 

[014] Here too, it is more appropriate to obtain the AC output voltage from this pulse train 
using an internal and/or a load-side low-pass filter. 

[015] In a preferred embodiment, the primary winding of the transformer is split into two 
halves, and the switching device has two controlled switches by means of which the DC input 
voltage can be applied alternately to one winding half and to the other, with reverse polarity. 
It is advisable, particularly with a resistive load, for the low-pass filter to be formed from an 
inductance in a series path downstream of the polarity reversal switch and the load. 

[016] In practice, for example in the case of loads in the form of motors, the invention 
provides for the low -pass filter to be at least partially included in an inductive load. 

[017] One expedient variant provides for the polarity reversal switch to comprise a bridge 
circuit which has a controlled switch in each of its four arms. 

[018] It is particularly advantageous if the rectifier and the polarity reversal switch are 
combined in a rectifying switch having a bridge structure, each bridge arm having two back- 
to-back series-connected diodes, and each diode being bridged by a switching transistor so 
that, by alternately driving one switching transistor in each bridge arm at twice the system 
frequency, one and the other diodes of the bridge arm altemately forms the active arm of the 
bridge, as a result of which the pulse train which is pulse-width modulated with respect to the 
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amplitude, frequency and polarity of the AC output voltage is obtained. In this manner, the 
secondary-side rectification and switching can take place in a single bridge. 

[019] In order to solve the problem of DC isolation, it is favorable if each switching 
transistor is driven via a light-emitting diode to provide DC isolation. 

[020] Cost-effective solutions for relatively large numbers of voltage converters can be 
achieved if the rectifying switch is in the form of an integrated circuit, thereby simplifying 
fabrication and reducing manufacturing costs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[021] The invention including further advantages is explained in more detail below with 
reference to exemplary embodiments which are illustrated in the drawing, in which: 

[022] FIG 1 shows a simplified outline circuit diagram of a voltage converter according to 
the invention, 

[023] FIGS. 2A-2F show simplified signal waveforms, not to scale, which occur when 
carrying out the method according to the invention, 

[024] FIG 3 shows a further circuit for a voltage converter according to the invention, 
[025] FIG 4 shows the details of a rectifier switch used in the circuit shown in FIG 3, and 
[026] FIGS. 5 A and 5B show two switching states of the rectifier switch shown in FIG 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[027] FIG I shows a transformer UET having a primary winding Wl, comprising two 
winding halves Wll, W12, and a secondary winding W2. The positive pole of a DC input 
voltage Ue, for example +12 V, is applied to the center of the primary winding. 
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[028] Primary winding Wl is connected to the negative pole of the DC input voltage via a 
first controlled switch SI, connected to the beginning winding half Wll, and via a second 
controlled switch S2, connected to the end winding half W12. The two controlled switches 
SI, S2, in this case field-effect transistors, can be driven by a drive circuit AST as described 
in more detail below. 

[029] On the secondary side, the secondary winding W2 produces the secondary voltage 
Usee- A bridge rectifier GLR is connected downstream of the winding W2. The GLR is 
followed by a polarity reversal switch UPS comprising four controlled switches S31 ... S34. 
These switches are also controlled by the drive circuit AST, so that firstly S31 and S32 and 
secondly S33 and S34 are alternately closed or opened. A series inductor L is positioned 
between the output of the polarity reversal switch UPS and a load connected to the converter. 

[030] The method according to the invention will now be explained in more detail with 
reference to FIGS. 2A-2F. 

[031] Two pulse-width modulated square-wave pulse trains of opposite polarity are applied 
to the primary winding Wl, each pulse train being modulated so as to correspond to one half- 
cycle of the AC voltage to be generated. In this case, the pulses of the two pulse trains are in 
each case shifted with respect to one another such that the pulses of one pulse train fall into 
the gaps in the other pulse train. 

[032] FIG 2F shows the AC output voltage Ua to be generated which is of a frequency of, 
for example, 50 Hz. FIGS. 2 A and 2B show the drive pulses for the two controlled switches 
SI, S2. FIG 2C shows the resultant secondary voltage Usee of the transformer, whose 
waveform also corresponds to that of the primary voltage of the transformer. The opposite 
polarity of the pulse trains is achieved here by connecting the DC input voltage Ue alternately 
to one of the two winding halves Wll, W12. With an integral primary winding Wl, four 
controlled switches would have to be used to achieve this opposite polarity. 



[033] The switching takes place at a higher frequency than the system frequency, for 
example at 100 kHz, which means that the transformer need have only small dimensions and 
mass and the secondary-side filtering should have minimal complexity. It is therefore clear 
that the illustrations shown in FIGS. 2 A and 2B should only be regarded as schematic 
representations since here the switching frequency has been selected to be substantially lower 
for reasons of clarity. 

[034] The combined pulse train shown in FIG 2C is then rectified using the rectifier GLR, 
resulting in the pulse train shown in FIG 2D as the output voltage Ug of the rectifier, this 
pulse train now having only pulses of one polarity. Since this pulse train now corresponds to 
successive sinusoidal half-cycles of the output voltage to be generated, the polarity needs to 
be reversed in time with a frequency which is twice the output frequency, i.e. at 100 Hz. This 
polarity reversal is done by the polarity reversal switch UPS, so that a voltage Ul as shown in 
FIG. 2E is generated at the output of the switch UPS. This voltage Ul is a pulse train which 
is pulse-width modulated with respect to the amplitude, frequency and polarity of the AC 
output voltage. The desired output voltage is obtained from this voltage Ul after low-pass 
filtering. 

[035] If the load LAS is purely resistive, the low-pass filtering or integration is provided by 
the series inductance L. With regard to the high clock frequency of 100 kHz or more, in 
practice special filtering means can be dispensed with since, for example in the case of motor 
loads, an inductive component is contained in the load, or, on the other hand, for example 
incandescent lamps have so much inertia that special filtering can be dispensed with. 

[036] With reference to FIGS 3 to 5B, another variant of a voltage converter will now be 
described in which the rectifier and the polarity reversal switch are combined to form a unit 
on the secondary side of the transformer, this unit also being in the form of an integrated 
circuit. 



[037] On the primary side of the transformer, the circuit is the same as that shown in FIG 
1. On the secondary side, the secondary winding W2 of the transformer is followed by an 
integrated rectifier switch IGS and this is followed by a low-pass filter TPF, to whose output 
the load LAS can be connected. 

[038] The rectifier switch IGS, whose design is shown in more detail in FIG 4, is driven by 
the drive circuit AST at three inputs x, y, z, its inputs being given the reference symbols r and 
s and its outputs the reference symbols u and v. 

[039] As can be seen from FIG. 4, the rectifier switch IGS is in the form of a bridge. Each 
bridge arm has two back-to-back series-connected diodes Dl, D2; D3, D4; D5, D6 and D7, 
D8. Each diode is bridged by a switching transistor Tl ... T8. It should be noted here that 
the diodes can be the parasitic diodes intrinsic to, for example, MOSFET transistors, although 
the forward-biased voltage drop across the diodes should be kept very low by suitable 
doping. 

[040] Preferably, the transistors Tl ... T8 are driven with optical DC isolation with the aid 
of light-emitting diodes LDl ... LD8. There is no need for each switching transistor to have 
an associated light-emitting diode. For example, one light-emitting diode can be used to 
drive a plurality of transistors which switch simultaneously. 

[041] In order to obtain a signal corresponding to the desired sinusoidal output voltage 
from the rectified pulse-width modulated signal shown in FIG 2D, the rectifier switch IPS 
must be switched correspondingly. 

[042] The connection "x" is the common anode of the light-emitting diodes on the drive- 
circuit side, and is connected to the positive supply voltage of the drive circuit AST via a 
series resistor (not shown). 
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[043] If the connection "z" of the drive circuit is connected to ground, the hght-emitting 
diodes LX)2, LD3, LD5 and LX)8 are active and the corresponding transistors T2, T3, T5 and 
T8 are switched on. These switched-on transistors bridge the corresponding diodes D2, D4, 
D5 and D8 and an equivalent circuit is produced as shown in FIG 5 A. Only the diodes Dl, 
D4, D6 and D7 act as rectified elements and this results in the positive half-cycle having a 
voltage waveform corresponding to the output voltage Ua. 

[044] If the connection "y" of a drive circuit is connected to ground, the light-emitting 
diodes LDl, LD4, LX)6 and LD7 are active and the corresponding transistors Tl, T4, T6 and 
T7 are switched on. These switched-on transistors bridge the corresponding diodes Dl, D4, 
D6 and D7 and an equivalent circuit is produced as shown in FIG 5B. Only the diodes D2, 
D3, D5 and D8 act as rectifying elements and this results in the negative half-cycle having a 
voltage waveform corresponding to the output voltage Ua. 

[045] Since the controlled bridge rectifier is switched at a low frequency, no particularly 
stringent demands are placed on the switching frequency of the optically coupled switching 
elements. 

[046] The switching must take place at the zero crossing of the AC voltage, but this is 
known by the drive circuit AST and can be derived from the PWM frequency as an integer 
division ratio, or is rigidly linked to this frequency. 

. [047] Although the invention has been described in connection with generation of a single- 
phase AC voltage, it should be clear to those skilled in the art that appropriate modification 
also allows the generation of a 3-phase AC voltage, for example. 

[048] The AC output voltage will generally be at a frequency of 50 Hz or 60 Hz, although 
the term "system frequency" should not be taken to mean only these values. Other output 
frequencies are also possible, for example a system frequency of 400 Hz, as is customary for 
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vehicle electrical systems. The frequency of the output voltage may be switched 
continuously or in steps, as required. 

[049] The sound frequency of the pulse-width modulation is expediently over 20 kHz, 
preferably in the region of 100 kHz, especially since at such high frequencies the low-pass 
filtering means are kept to a minimum or can even be completely dispensed with, since this 
filtering can take place in the load as long as it has, for example, inductive and resistive 
components. Correspondingly inert loads, such as incandescent lamps, do not require any 
special low-pass filtering, either. 

[050] One major advantage of the invention is that, owing to the pulses which are applied 
alternately to the positive and negative poles of the primary side of the transformer, saturation 
and thus thermal losses can be avoided. 

[051] The above description of the preferred embodiments has been given by way of 
example. From the disclosure given, those skilled in the art will not only understand the 
present invention and its attendant advantages, but will also find apparent various changes 
and modifications to the structures and methods disclosed. It is sought, therefore, to cover all 
such changes and modifications as fall within the spirit and scope of the invention, as defined 
by the appended claims, and equivalents thereof. 
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